In this paper, we provide a general expression of spatial multiplexing gain (SMG) for two mutually interfering multiple-input multiple-output (MIMO) broadcast channels, referred to as MIMO-IBC, when some of user messages are made available to base stations through a common noiseless backbone line. The MIMO-IBC has two base stations and multiple users, each equipped with multiple antennas, where independent messages are transmitted over fixed channels. From the derived results, we observe the variation of the SMG with respect to the presence of a coordination as well as various antenna distributions, and compare the derived result to the SMG of the case with full cooperation among users.
Ⅰ. Introduction
Although there is recent interest in multipoint to multipoint networks, the capacity region of most multipoint to multipoint communication scenarios is still an open problem [1] . Alternatively, some approximations are needed to evaluate the system capacity performance. The number of 그림 1. 시스템 구성 Fig. 1 . System Configurations degrees of freedom (DOF) provides the capacity scaling behavior at the high signal-to-noise ratio (SNR) regime [2] . The approximation error converges to zero as SNR goes to infinity. The DOFs of various multiuser multiple-input multiple output (MIMO) systems have been determined by several researchers [2] [3] [4] [5] [6] [7] . Especially, the DOFs for a two-user MIMO interference channel (IC) and a two-cell interfering multiple-input single-output (MISO) broadcast channel (BC) have been derived in [2] and [5] , respectively. Figure 1 describes the structure of both systems. Note that [2] and [5] address the DOF in terms of exploiting space dimensions under the assumption of full channel state information (CSI) at all nodes. [8] [9] [10] . In the MIMO IC, however, there may be a significant loss on the DOF due to the distributed processing at both transmitter and receiver sides.
Recently, an expression of the DOF for two mutually interfering broadcast channels (IBC) was derived as a function of arbitrary numbers of transmit antennas and users [5] . with respect to the number of antennas [4] , we can readily show that the SMG of the IC is the same as the DOF presented in [2] . From [11] and [12] , we can extend the previous analysis of the two-cell IBC to the case of multiple-antenna users, which will be referred to as MIMO-IBC to distinguish from the IBC with single antenna users. The derived SMG expression of the MIMO-IBC is a general equation including the SMG results of the IC and the IBC.
In this paper, we consider a coordinated message sharing method to compensate for the SMG loss caused by the distributed processing between two base stations. Message sharing in the manner of coordinated base stations assumes that one base station's message is made available non-causally to the other base station through a common noiseless backbone line [13] [14] . Here, we derive the SMG for the MIMO-IBC in the presence of various coordinated scenarios. By utilizing the results of [7] and [15] , we explore In Section III, the SMG of the MIMO-IBC with a coordination is derived, and also analyzed. The paper is closed with conclusion in Section IV.
Ⅱ. System Model
In this section, we describe a system model for the MIMO-IBC illustrated in Figure 2 omit the specific equations of the transceiver and the sum rate used in here. Refer to [12] . Unlike our assumptions of the system model, the transceiver structures optimized under certain constraints might produce different SMG results.
Ⅲ. Impact of Coordinated Base Stations on the Spatial Multiplexing Gain
In this section, we consider the MIMO-IBC of the IBC and the IC with coordination in [7] and [15] , respectively, we characterize the SMG of the       MIMO-IBC with coordination.
From [7] , the SMG of the          IBC with or without coordinated BSs is given as 
respectively. Setting     and           in (4) and (5), we observe that the IBC can achieve the SMG of IC as long as  ≥ min        despite the lack of receive cooperations [5] . In other works, disabling receive cooperation of the IC causes a SMG loss for certain antenna configurations. Here, since the MIMO-IBC can be considered as a system with partial cooperation among receive antennas compared to the IBC, it follows
Therefore, we are interested in the SMG derivation for the case where the number of total user antennas in each cell is greater than that of the BS antennas in (6) . From this starting point, we can derive that the SMG in the       MIMO-IBC is exactly given as [12] .
Now we can readily analyze the SMG of the MIMO-IBC in the presence of coordinated BSs.
From (2) and (3), we can characterize the SMG equations at the same antenna configurations as   min        [12] . As derived in [12] for the case of , the       Table 1 .
Ⅳ. Conclusion
In this paper, a two-cell multiuser MIMO downlink system has been modeled as two mutually interfering MIMO broadcast channels. 
